With the multiplicity of existing methods to track E. coli infections, it still seems necessary to seek new, better and/or complementary ways for epidemiological investigations. Particularly, fast, cheap, effective and reproducible methods providing easily comparable results are needed. Our previous studies showed that the use of TRS-PCR is an effective molecular tool in E. coli epidemiology. In this paper, we have developed a unique classification scheme in which an individual TRS-PCR pattern is assigned a numerical value. This approach allows for rapid interpretation of the results obtained from several similarity dendrograms. Using this approach, based on CAC-PCR, GTG-PCR and CGG-PCR, we obtained 52, 86 and 99 different numerical types for the 124 analyzed uropathogenic E. coli strains, respectively. This allowed for the identification of 121 unique isolates differing in at least one TRS-PCR class. In this approach, we got numerical results, easy to sort and interpret, allowing easier analysis of these strains.
Introduction
Pathogenic Escherichia coli is an extremely versatile and heterogeneous group of strains which poses a threat to people's health and life from all over the world. Based on the site of induced infection and virulence attributes, this group can be subdivided into intestinal pathogenic E. coli (IPEC) and extraintestinal pathogenic E. coli (ExPEC) strains [1] [2] [3] . The most important ExPEC pathotypes, that are associated with human diseases are uropathogenic E. coli (UPEC), neonatal meningitis E. coli (NMEC), avian pathogenic E. coli (APEC) and septicemia causing E. coli (SEPEC) [1] [2] [3] [4] [5] [6] [7] [8] .
Majority of urinary tract infections (UTI) are caused by uropathogenic E. coli strains, which are highly adapted not only to live in the urinary tract but also to evade the host's defense mechanisms and immune responses [2, 7, 9] . UPEC pathotype constitutes very diverse group of strains with a wide range of virulence factors [1, 2, 4, 6, 10] . Moreover, not only bacterial factors determine such infections but also Marta Majchrzak and Anna B. Kubiak-Szeligowska have contributed equally to this work.
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host factors are involved in this process [2, 7] . As the number of UPEC strains resistant to antibiotics is increasingly growing and many people are immunocompromised or become sensitive to these pathogens, costs of medical care and other indirect costs escalate every year [7, 10, 11] . It was estimated that every year 130-170 million cases of UTI were registered, in addition to that, over 80% of them were UPEC induced [5, 11] .
Molecular epidemiology of E. coli infections is based mainly on multi-locus variable-number tandem repeat analysis (MLVA), multi-locus sequence typing (MLST) and pulsed-field gel electrophoresis (PFGE) [8, [12] [13] [14] . PFGE is considered as a "gold standard" for epidemiology and strain typing for many bacterial species, including E. coli, but is also time-consuming and results obtained from different laboratories are problematic to compare [13, 14] .
In our laboratory, we have developed an effective method for the differentiation and genotyping of bacterial strains called TRS-PCR [15] [16] [17] [18] [19] . Trinucleotide repeat sequences are kind of microsatellites dispersed in genome of every organism. This test was successfully used to detect associations between CGG-PCR and GTG-PCR fingerprints and specific E. coli properties such as phylogroups and virulence profiles [15] [16] [17] [18] [19] . The method is simple, fast, reproducible and inexpensive. However, a large diversity of fingerprint profiles obtained from various TRS-PCR tests and the need to compare them, in our opinion, required development of a new strategy to facilitate the interpretation of results. Here, we propose a new approach for strain typing of E. coli based on three separate TRS-PCR tests using CAC-PCR, GTG-PCR and CGG-PCR profiling. In this technique, each unique TRS-PCR profile is assigned a number. Based on the high reproducibility and also the stability of fingerprints, each strain can be assigned a set of three numbers corresponding to three TRS classes ( Table 1 ). The effectiveness of the proposed approach was tested on a collection of 124 E. coli strains isolated from patients with urinary tract infections.
Materials and methods

Bacterial strains
One hundred and twenty-four E. coli strains were isolated from patients with urinary tract infections between June 2005 and September 2006 and originated from various wards of Military Teaching Hospital No. 2, Medical University of Lodz, Poland. Information about the date of isolation, ward/department, sex of the patient, the scale of bacteriuria and specified serotype are listed in Table 2 . This collection of strains has been redefined as the spectrum of virulence factors had been extended [15, 16] , phylogenetic affiliation had been performed according to the new Clermont's protocol [20] . Also, isolates were serotyped according to the manufacturer's protocols for E. coli (O pool and O single antisera, Statens Serum Institut SSI Diagnostica, Denmark) ( Fig. 1S.B) .
Bacterial growth and genomic DNA isolation
All E. coli strains were grown overnight in a liquid LB broth at 37 °C with agitation at 120 RPM. For genomic DNA isolation and purification, GenElute Bacterial Genomic DNA Kit was used according to the manufacturer's protocol (Sigma-Aldrich, St. Louis, MO). Each of the genomic DNA sample was measured spectrophotometrically at 260 nm (BioPhotometer, Eppendorf, Germany) in order to estimate its quantity and quality. The concentration of DNA samples used in the study was 20 ng/µl.
Phylogenetic structure
Phylogenetic analyses were carried out exactly according to the Clermont's E. coli phylo-typing scheme [16] . The whole methodology, such as, sequences of primers, their concentrations and phylo-group detection schemes was performed as described [20] (Fig. 1S.A) .
Virulence factors repertoire
Detection of the virulence factors was performed exactly as it was published elsewhere [16] . The presence of uropathogenic virulence factors was determined using sequences of primers previously published [15] . Detection of intestinal virulence factors typical for different pathovars was performed according to the Müller et al. [21] . The presence of additional five virulence genes-iroN, fyuA, iutA, sat and tsh was determined. Two separate PCRs were performed. The first multiplex PCR reaction was designed to determine the presence of iroN, fyuA and iutA genes. Sequences of primers for iroN detection were published by Bonacorsi et al. [22] and sequences of primers for detection of fyuA and iutA were published by Johnson and Stell [4] . The second multiplex PCR was designed to determine the presence of sat, as described by Restieri et al. [23] and tsh, as described by Moulin-Schouleur et al. [24] (Fig. 1S.C) .
TRS-PCR profiling and reproducibility analysis
For each strain, three separate TRS-PCR profiles were generated based on the presence of CAC, GTG, and CGG motifs in used primers. Conditions for GTG-PCR and CGG-PCR reactions, primers sequences, electrophoresis, reproducibility analysis, determination of diversity indices and bioinformatic analyses were performed as described elsewhere [15] [16] [17] [18] [19] . Conditions for CAC-PCR were the same as for GTG-PCR Table 1S ). The PCR amplifications were accomplished using a T-3000 termocycler (Biometra, Goettingen, Germany). The PCR products were separated by horizontal electrophoresis on 1.6% agarose gel in a 1 × TAE buffer at 6 V/cm operating within 2 h, stained with ethidium bromide and photographed. Subsequently, gels were optimized according to the recommendations provided by BioNumerics 5.0 software (Applied Maths, Belgium) and normalized with regard to a 100 bp Plus DNA size marker (Fermentas, Thermo Scientific Waltham, MA, USA). The three separate fingerprint similarity analyses based on CAC-PCR, GTG-PCR and CGG-PCR profiles using Pearson correlation (optimization 1%, position tolerance 1%) and grouping according to the UPGMA algorithm were performed. The reproducibility analysis of CAC-PCR was performed as previously described for CGG and GTG [15] [16] [17] [18] [19] and obtained by comparing the three separate fingerprints from three different PCR reactions for the three chosen UPEC strains.
Stability analyses of CAC-, GTG-, CGG-PCR profiles
Two strains were selected for this study: U 036 isolated from urine and representative of another collection, K 157 + isolated from stool. Stability analysis for each of the used primers with the TRS motif was obtained by comparing TRS-PCR fingerprints performed for several passages (initial, fifth, twentyfifth and thirty-ninth) from a series of consecutive subcultures of these strains. The fingerprint similarity analyses based on CAC-PCR, GTG-PCR and CGG-PCR profiles (Fig. 2S) were performed exactly as for TRS-PCR profiling described above and published elsewhere [15] [16] [17] [18] [19] .
Results
In previous analyses of E. coli strains, we analyzed CGGand GTG-PCR profiles [16] . In this approach, for the first time we further performed CAC-PCR profiling on genomic DNAs obtained from a collection of 124 E. coli strains. The fingerprint similarity analysis for this assay was performed. The analysis of reproducibility was also performed and it exhibited 95.0%. Fingerprint patterns with similarity above this value, were treated as identical. Based on analyses using BioNumerics software, each unique profile was assigned a class number (Fig. 1) . Next, the GTG-PCR and CGG-PCR tests were conducted on the examined strains. The fingerprint similarity analysis and assignment of class numbers were done in an analogous way. Thereby, 52 CAC-PCR classes, 86 GTG-PCR classes and 99 CGG-PCR classes were obtained. This allowed the separation of 121 unique isolates differing in at least one TRS class (Table 1 ). The TRS pattern stability studies conducted on multi-generational re-cultivations have shown that the profiles were almost identical, starting from the first re-cultivation to the last one (Fig. 2S ). This allowed us to conclude that assigning numbers of classes in such a way was reliable. In parallel, these results were also confronted with the belonging of strains to phylogenetic groups by applying the Clermont's E. coli phylo-typing improved method scheme [4] and with their repertoire of pathogenic factors [15, 16, [20] [21] [22] [23] [24] . The results are shown in the Table 1 .
Discussion
Until now, we have focused more closely on grouping strains in dendrogram clusters due to the presence of the examined traits (VFs, phylogroups). Currently, our new approach focuses on the maximum distinction of the strains in the collection. The proposed assay for E. Table 1S .), fingerprint patterns with similarity above this value, were treated as identical. Based on analyses using BioNumerics software, each unique profile was assigned a class number-for these 14 strains 10 CAC classes was assigned coli sub-typing based on the multiple TRS-PCR profiling, allowed the separation of 121 unique isolates from a collection of 124 strains. In this approach, we obtained numerical results which were easy to sort and interpret, allowing for easier analysis of these strains. Each test based on another TRS primer can bring something new to the analysis, but comparing the growing number of similarity dendrograms, it becomes difficult to interpret. Additionally, averaging them does not show detailed differences. In our new approach, we can test the effectiveness of several TRS markers at the same time, without the need to average the analyses from all TRS-PCR tests. By analyzing the contents of the Table 1 , it can be seen that strains U 058 and U 112 are considered to be identical in TRS-PCR profiles despite the lack of one pathogenicity factor-papC (strain U 058). It can be inferred that these strains have lost one of their adhesines, without disturbing the structure of genome in the area we were investigating [1, 2, 8] . However, it cannot be ruled out that differentiation with an additional TRS marker would separate those strains. A more interesting case we observed for strains U 020 and U 022, which have identical TRS-PCR profiles, despite differences in virulence composition. Strain U 020 possess astA, iutA and iroN, whereas stran U 022 possess fyuA and iutA (Table 1) . Apparently, there are no sequences in the genomic region where these genes are encoded, allowing for the generation of three specific types of TRS fragments.
In the group of tested strains, there were also isolates obtained from the same patient. Strains U 013 and U 046 isolated at different times had the same pathogenicity but differed within the CGG class. Such a small difference does not exclude the possibility of a re-infection with the same strain. The difference in one class may suggest a slight genetic change in the same strain, perhaps under the influence of antibiotic therapy, due to infection with a very similar strain or insufficient sensitivity of the method [1, 2, 8] . Among strains U 032, U 039 and U 097, also isolated from the same patient at different time points, the isolate U 032 differs from the other two strains. In case of U 039 and U 097 strains, there is a similar situation as for U 013 and U 046 isolates. For such strains (U 013, U 046 and U 039, U 097), we recommend further subtyping, perhaps with an additional TRS marker.
Similarity dendrograms based on composite analysis of many tests usually show better resolution, but their interpretation may increase difficulties. We think that the proposed strategy in rendering TRS-PCR data, facilitates the interpretation of the obtained outcome. In addition, it could be done rapidly and results may be easier to compare, even between laboratories. It should be emphasized, with the method we used, we are able to demonstrate even small genetic differences among bacterial strains. Because the results are promising, the next stage of the research should include validation of the method: repeatability among laboratories working on different equipment and reagents.
In our research, we have repeatedly demonstrated the usefulness of the TRS-PCR profiling in bacterial genotyping [15] [16] [17] [18] [19] . However, strain differentiation, based on comparing single TRS-PCR results, or tracing differences resulting from averaged affinity trees (based on several TRS-PCR reactions), could also lead to evolutionary conclusions in addition to epidemiological investigations. To be sure, the results should be confronted with the results obtained from MLST analyses. Interestingly, we have shown in our recent studies that based on the analysis of TRS-PCR profiles, it is possible to predict directions of pathogenicity development in the E. coli population [25] .
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